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The existing literature on the oteehanleffl of tranaltion is rerlewed. OacillA* 
tiona in the laminar boundary layer are found to be aaplifled until the dleioi^ 
once is so groat as to cause a breal;do«n of the flmr. This breakdoen Is knoen 

I 

as transition. An analysis io made of the drag possibilities by iBsans of 

I 

boundary layer control assuaijag certain conditions of transition Bsynolds Masberf 
inlet loss, number of slotSf blower efficiency and duct losses. The results 

, appear to be hi^ily favorable. Hoeever^ eagperlmental investigations on this 

I 

! matter give conflicting reoultSf showing only small gains, and soostiiasa losses. 

I 

An analysin of this ;*ata indicates that there is a lower limit to the quantity 
of air which must be removed at a slot in order to stabilise the laminar flow. 

The removal of insufflciont air permits transition to occur. The removal of 

I 

I 

I excessive amounts of air results In high power costs, with a net drag increase. 

I With the estimated value of flow coefficient and duct losses equal to half the 

i 

I dynamic pressure, drag reductions of 50^ niay be obtained} with twice this flow 
coefficient, the drag saving is reduced to 25 JC. It is recosnendsd, therefore, 

I that further research be instigated in order to determine what amount of sir 

I 

I must be removed at a slot in order to (l) stabilize the laminar flow, and (2) 

I ■ • 

j reestablish iaminai* flow) also further studies on slot design should be mads* 

I The recent work on boundary layer effects on compressibility shock should also 

I 

; be continued. 
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lbll« a oaosldtrsbl* •■ount of vork hot boon dooo on bouBdorjr ligror rMOToli 
•laoot all of It haa baaa oonoarnad vitb ImproTan^pt of Baxlaua lift. Tory JLlttla 
vozit baa boon dona on raduetloa of drag. Bafi^nea 1 glToa aona Infozaatloa as 
drag raduetloa but thia appaara to ba prinolpally dua to tba Jat affaot of tha 

t 

diaohergad air. Rafaranoaa t and 3* ablla primarily oonoarnad with lift affaota» 
alao ineluda aaaa drag data. Taw apaelfio applloatloaa for drag raduetloa bawa 
baan found. Rafaranea 4 glwaa raaulta of taata on a glora flttad to ona part of 
the wing of a ^16 cirplcna. Ita drag and tba nature of tba flow «aa tnvaatlgatad 
for Tbrlous numbara of alota end volumaa of air flow, laailaar flow waa main- 
tf.lnod up to about 45^ chord, the peak prwaaure position.. Tba power ooat waa 

found to be laaa than the reduction In dreg ao tbi t a net gain waa obtained. 

$ 

Referecea 5 glTea tba rasulte of eoae Gemen taata on dreg reduction wbleb alao 
show e net gain. Refarenoe 6 glwaa aone further testa but n net gain was not 
reellzad. 

Tba body of tbls paper la dlTldad Into three aectiona: (1) a rawlaw of existing 

literature on the meehanlai of transition end tho ceana of boundery layer oontrol 
for reduotlon of dreg; (S) a theoretical nnalysla to datamlne tba posalbllltlas 
of drag reduction by boundary Inyar oontrol; (3) enelysls of existing experi- 
mental work on this natter. 
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or reduction c*' .irtg h .c l:ae/. ro»A^.; *o o..u oi' ” I'.nta iiur. ■ 
•'.3 ^OB3l':lo on tt-j cedy. This .3 nnn ch.a aolty uf trin ^Itlon 
r.'.o un-orstandlns oT too ::eohaalsa of transition has baou 
on th ) stability of tho Icinlntir boundary layer. 
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stability of ljiln'*.r bound'-ry Inyor . — I%arly theoretical work by Tollmlon and 
Schllchtlnn (doacrlbed In reference 7) on the stability of the Isnlnar boundary 
In'^’or Indicated that omnll float Ion of oeolllatlons vran roeponelble for transition. 
Recent experlxsental etudles by Sebubauer and Skrnmatad (reference 7) and 
Llercmnn (references 8 and 9) have confirmed this explanation. The phenomenon 
r.r-y be described briefly as follows. . 


Oscillations of some sort are always present In the alrstrean due to soundt sur- 
face Tlbratlons, etc. In the Laminar layer these wlbratlons are Initially damped 
' tut after tho bounU'^ry Ityer has (r.ro«n to a certain thlclnessi de 7 >endlng upon the 

frequency of tho disturbance, rnpll flcatlon occurs. The theory Indicates that 

i 

rftor further thickening of the boundary layer, a stable region Is reeehed in 

I 

I 

which darrplng once rore occurs. However, unless the disturbance la Initially 
^ verv week, the amplification causes the oscillation to reach a magnitude eo 
^ rrsat as to cause a completa breakdown of the flow before the stable region le 

I 

i regained. This breakdown area Is known as the transition rr*glon. 

I 

I 

' Important elements In this picture are the effects of pressure gradient and sue- j 

i I 

tlon on transition. It has long been known exper^ientally that negative pressure j 
gradient (accelerated flow) is favorable to nolntonnace of laminar flow, whereas ^ 
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poaitlTe preasurt gndiant (deeolaratad flow) la unfavorabla* Raeant Qanyn 
thaoretieal woi^c (rafaranea 10) eonfinaa the affact of praaaura fradiant and i 
alao ahowa that auotion haa a markad stabilising affaot upon tha lajar* 

Praaaura diacharga haa great daatabilialng affact oaualng tranaition to oeour 
Imadiatalj. Saa (rafaranea 11) haa confimed ajqwrlmentallj tha atabillting 
affaot of auction* 


Boundary lATsr control .— Tha actual Mchanical faaturaa of boundaiy lajar control 
aquipoant naj ba oonaidarad aa compoaad of inlata^ manifolding^ ducting, and dla* 
charge alota. Tha daaign of tha ducting and diacharga alota naad not ba Aarthar 
considered hara aa thair daaign will ba baaad only aacondarilj on aarodynanda 
requirenenta* Baaidaa, thaaa ara mU-!aio«n and nothing now is involwod* 


^ Vary littla work has baan dene on tha inlet slot daaign for drag control* In 
! reference 12 alota are daacribad which ware dayaloped by aaoka flow obsarwationa* 
InaatTiuch ati these testa wara nacasaarily parfomad at wary low yaloeitiaa tha 
yalidity of the reaulta is questionable* Bafaranca 13 giwaa quantitatiya raaulta 
obtained at higher air spaada* Both rafaraneea indicate that tha direction of 
antzy is not critical, (though baclcward alota tend to ba inferior), that tha adgaa 
should ba rounded, and that tha inner part of tha alot should expand alouly aa 
in a diffuser (sea Pigura 1)* Under these oircumotanoaa the praaaura in tha 

t t 

inner chaohar will ba rery nearly tha aana aa tha sorfaea static praaaura* Poorer 

a 

designs may incur a considarabla praaaura loss* It appears, tharafora, that for 
a good inlet slot, no preasurs recovery ia to ba axpactad* 


It is usually naeassaiy to use more than one suction alot along tha surface and 
in order to aconooixs on ducting, aavaral slots ara manifolded* On wing aurfaoaa 
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I dirt'lculty usually arises, beeauae the surface static pressure is not the seas 
' at each slot. The chai.iber pressure must be sufl'lciently low to assurs that there 
is no outward flow at a low pressure snlot with resulting breakdown of laminar 
j flow. Under these circunstances a slot in a region of relatively higjh pressure 

I 

: ntay have too ^reat a rate of flow unless throttling is resorted to* In any 
I event, the power cost is increased. 

I 

Compressibility effects .— Research has been instituted recently to determine the 
effect of boundary layer upon the shock wave and the resultant drag effects 
(rcforencee 14 - 16). The preliminary .'ssults indicate that the shock wave 
characteristics are different in the presence of a laminar boundary layer than 

I 

with a turbulent layer, thou'ii which Is preferable is not jet known. It has also 
,boen found that at high velocities in the region of rapid drag increase boundary 
layer removal will allow a higher Uach Number to be reached before the drag 
coefficient reaches the s.ine value. Further work is undoubtedly in progress on 

'both those results. 
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SIUBOIS 

poaiiion of auction slot 
diatanoa abov* aurfaea 
chord lenfth 

wing araa 

boundary layer thlckneaa 
critical Raynolda nunter* 7x/u 
airfoil Raynolda numoar, Vl/v 
flight TBlocity 

dlacharga ealocity of inducted air 
dynaaie praaauraa 
Idasmatlo »i.cotliy 

drag ooafficlent of flat plata at « 

wing drag coafficient with boundary layer control aaatiali^ V* a 7 
aquiTalant drag coafficient for power expenditure of blower^ 
equivalent total drag^ 4 
voluna of air inducted par unit tine 
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volun 0 coefficient, VSV 
v'jl\XiM coefficient, 

intom-il pressure of wing, referred to atmospheric static 

pxeucui^e loss In duct 

pr.isaaio coefficient, T/q 

uuct lo:.e cucfiic.&nt, 2{Vq 

blower cffic Isncy 


Subscripts 

1, , r,"*u number of suction slot 
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' ruBlyalt of drcf raduetlon poaslbla wltt boundary layor raeoTtl la D' eaa« 
srrlly braad U''on aaTfrel eaauBintiooa. Ttie < aa^inptloos uaad hara ora ea folloaa: 

I 

I 

1. The lew of o'irfree friction la thet for e flct plota. 

I 

> 2 , Tba leainar Telocity r^oflla la eaaumed to te pcr>'bolle. 

Both of thaaa eaauDptlona lotroduoe acDia arror tat the reaults of tte enrlyala 
•hould to fairly close to tba correct tlIuos. 


Gleen certain Initial conditions such aa turbulanoe of the straair. , Tlbrotlona* 
eto.i tr' naltlon froR lamlaer to t 'rbulent flow will tend to occur at a certain 
Reynolds Kuaber. If a auction slot Is placed ut this pcinti so that air Is 
' reroTod Just os transition Is obout to occur, tht«r. the boundary layer tblcka aa 
will be reduced snd the flow will continue lorlnfir. Whan the thlckiw sa haa 

I 

. at!aln Incrorsed to that correspond in£ to trt-naltion, another auction alot again 



X 


\ 

'Hie aboTa dlagrtin illustrates three eats of intake slots, the first placed ot a 
distonca x corresponding to the crltlcol naynolc’s *\\icjber, R, i ^ • 'I'le boundary 
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in th« wAke ia of width 26 , tha sama aa at tho firwt alot« Tha walooitj j 

t 

profile ia ixulioatad at tha rlfht of tha flfura* Tha indnetad air ia diaehaiiad | 
alaewhara to tha rear at atraan walocitj. Tha dra^ ooaffieiant for laniMr flaw j 
on a flat plat# at Raynolda Ihnihar 1^ aaj ba daai^tad aa 

Tha wing drag ia tha aaaa aa that aoauoailatad up to tha f irat alat and tha drag 
eoafficient ia than giTaa taj 

i 

' 

I To tha abova drag x'igura aaat ba addad tha drag a<ittiwaIoBt of tha poaar aapa n dad 
I hj tha blowar. Thia powar coat aaj ba eooaidarad in two partai tha powar ta 

I 

j restore the atrean total praaaura to the inducted adr« and tha pnmr to oo^janaata 
I for ducting Loaaaa. 

! j '-'.<1 



In the literature the Internal wing preaaura ia referred to tha atraan atatia in 

tcrma of dynamic prear.ura. i 

Cp ■ 

^ q 

Aa stated earlier, expert •aentally it is found that Tery little energy ia recoaerad 
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upon induction of tbo nir» and thortforo^ Cp if eoi« or nofativt, Tho Inloi looo 

I 

is giren bj or aoiHdininoionallj 

i 

Inloi loM - 1 - Cp ' 

I 

The additional preaaurt loot in the ducting ia g Ametlcn of duet daelmf lengthy 

y' — • 

etc. abd can bo treated oolj fanarallj hero. Thin looa aaj bo gluon oo np • icq. 


Tho preoaure added bj the blower ia np* Ttao diochargod air then hao a ^ynonio 
preaouro q* giuan bj 

q. - q - (q-P) - Ap +np 
« np -f P - np 

If the air ia diaeharged at atream ualocitj (aa la uaually aaaunBd) thea« with 


Ap- q - P-^ Ap 


ORIGINAL PAGE IS 
OF POOR QUALITY 


The blower poMr required ia giren aa where Q ia the rohm of air induetod 

per second and qg ia the blower efficlencj. The equlTalont drag coefficient ia 
glTsn by 


Tho total drag as the result of application of boundary layer control ia^ thoro- 
fore, given by 

I 

Coy • Cpg (4) 

Figure 2 gives the drag possibilities with boundary layer control, assuntlng no 
duct losses, ic. ■ 0. Transition Reynolds Rtaber is assumed to be 4 z liO^f inlet 
loss ia equal to q, i,e. Cp = 0, exhaust velocity « ▼, qg • .75. The figure 
gives the results for 1, 2, 3# 4, 5» 10, and 00 number of slots • Contours of 
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J couutant are liuiicated. Fi^^urc 3 gives the same results for |c • «5 and 

I 

I'igure 4 for tC: 1* The .-aelhod of conputatlon ie given in the Appendlx 4 
Exaraination of- the fl( ures inaicate that for a given Reynolds Munber there is s 
I niiiii.-nin nicaber of slots required for drag reduetion. The use of mere slots with 
’ closer spacint* reduces the total drag bj' reducing the vcluns requireaents* Ths 

I 

’ lliaitlng condition is given bj the curve representing an infinite nusber of slots* 

It would appeal- desirable, therefore, to use as laaiqr slots as posslMs so as to 
reduce the volur.e requirenicnts and thereb/ reduce the loeaes and poser reqalraaMuts* 


Note on optiraiB discharge velocity ,— In the usual ' ^atoenta on boundarj ISTor 
control it in assuoed that the air is discharged at atream vol^ity* This is 
done for convenience as it slim.*. nates oonentua questions. Hoeever, with a bloeer 
efficiency of less than unitj, this is not ths optliim caodltion* 

The oonentum coiulitioa gives 

- pO(V-V) 


I where V in the discharge velocitj, or 

2Cq (•- -q) ' 


The corrected energy equation gives 
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T^c total drag Increoant is therefor* 




-C 




( 5 ) 


^hen V* ■ \\ equation (3) reduces to zoro. The optinaim is obtained hy setting 
the derlTative equal to zero 


dX 

V 


or 


V 


T7 Hb 


The optiimai discharge veloclt/ is therefore obtained when the ratio of dis- 
charge to stream velocity is equal to the bloeer effieleney* 

With high blower efficiency this effect is scuill, but with low blower efficiencies 
it becooae impc>rtant osjnecialiy tvith large volume coefficients* 



a>;alysis of EkPSBiacaffAL mObk 


Existing experimental results give conflicting results on the reduction of dreg 
by boundary Iv.yer control. Some writers profess to here been successful • where- 
as others have not been. The prewious analyslsi as presented in figures 1 to 3» 
i idicates that successful results should be obtained if the value of Cq is kept 
BLVill. Some further fnalysis is therefors indicated. 


I 


The published reports seldcn five the individual slot pressure requirements and 
give no d: to on the boundary layer thickness. The yolusM coefficient for the 
Individual slots js, however, reported. This infonnetion cen be used to ap- 
ise the boundary layer condition at the first slot. 


’.a ■•.ay define 


C = Q* _ _Q» J_ 
- v<S VI <5 


S/I 


.Cow if x^^ is the position of the first suction slot; and if it is assumed that 
the h'-undary layer has the srira chf recteri sties as for a flot plate; and <^gain 
rsoumln, ’'•.rabollc velocity distribution: 


Then 


A 

*• ' VR., 





In this 
rr.cy be p 


= (ft) 

s.so x,/\ 

T.anner the volume i.ntuka ct the first slot of the various experiments 
l«;ced upon c enrron bfisis, the boundary layer thickness 6. 


In rcfere’.ce 4 are described filcdit tests ur>on a love fitted on the 
’■'lane. The r.aximum test :--.e/nolds .Wutber, Pj * dO x 10®; • .20; 

z ..‘0004. Tb.ls gives Cq^ ; .r;n9. Nine suction slots from x = .20 1 
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' vJd; .err. 


wer« fitted but laminar flow could not bo maintained beyond the fifth slotf eor- 
I rosponding to the peak pressure point. Vibration difficulties were encountered 
which produced cracks in the airfoil surfaces. An attempt to utilise more slots 
by halving the spacing was unsuccessful, no laminar flow being obtained. How- 
ever, with nine slots, at the optimum eondition^a' total drag reduction, after 

* A 

allowance for blower power, was obtained equal to s >•00023. The drag re- 

I 

suits were not obtained by wake measurements, but computed from surface measure- 

I 

jments of pressure distribution, transition point, and velocity pattern. The 
I magnitudes of the results are, therefore, questionable. 


jin reference 5 are described wind tunnel tests on an airfoil. The testa were 
!made on single slots and combinations at several angles of attack. ^ - 1.6 x 10^| 

13^/1 a .42; a .0004 (slot U only) and ■ .0002 (slots 4 and 6). These 

\ ' 

values were at ;ainimum total drag. This gives Cq^ - .142 and .071f respectively. 
For slot 4 only at 0^ r .0002, a -.0006 and at Cq a .0004, - -.0009| 

for slots 4 and 6, s .0002, = -.0009. In both cases Cp was approximately 

-0.4, surface pressure coefficient -.32. Somewhat larger drag savings wers 
accomplished with more slots and combinations. 

In reference 6 are presented further wind tunnel teats on a model with 15 slots. 
'The repox*t presents results using only six slots; one presumes the aelected six 
gave the optimum distribution. However, no reduction in total drag was obtained. 
The author ascribes this to the high Reynolds number and states that the alote 

I 

were too far apart. - 3.2 x 10^; xj^/l s .075; opt “ *00055. This gives 
C s .655. a figure much larger than in the two preceding references. Because 
!the slots were not close enough, very large quantities of air were exhausted be- 
jfore Lhe wing drag was reduced. The power cost was so high, because of the large 
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qucu;titicj of air haxtdltcl, that the total drag vras Increased by ■ .0007 . 


The testa described In reference 3 were made primarily for lift Increasoi but 
measurer.enta wore also made at low lift coefficients. Only two slots wwrs used, 

I the first one beir;g tested in two positions x^/l ■ O.3O and 0.45, and the second 

one at :^/\ r 0.75* At the forward position at low volume coefficients apparently 

£ 

all the air was Inducted at the first slot. s 1.9 x 10° | = O.3O1 

C ^ • .0020; therefore . z .915* No measurements were made at lift coefficients 
less than 0.4 at this volui-e coefficient but the total drag was increased by .0035. 
For tho othor position te:ts wore n«r CaC at two Reynolds Numbers , At s 1.9 x 10^ | 
C z .CCC/,; r .150# — »001. At s 6 x 10^; 3^A • 0.45j 

C ^ . .0:>t/>7j = .v*3j dCi>j. a .003. Tlie value of 0^;^ at Rj^ s 1.9 x 10^ is 

que.;:t5or.'ibje bec.uro at hlglii-r volume coefficients, - .00067, the same as at 
higher neynolos Ku.ber. If this correction is assumed is found to be .250 
In.'^tcad of .150. 

ORIGINAL PAGE Ib 

The above results may be cumrtiarized as follows: ^ POOR QUALITY 


I 


c 

% 

n 

Cl 

1 • • ' ■ 

1 

Extent of Laminar Plow 

' 

.071 

-.0006 

1 

0 

7 

.071 

-.0009 

2 

0 

? 

.089 

-.00023 

9 

.2 

To peak pressure point, ,45 1 

.142 

-.0009 

1 

0 

? 

.150 (?)1 
.250 (?)/ 

4 .U 01 

2 

0 

•> 

9 

.443 

.003 

2 

0 

9 

.655 


6 

0 

At least .9 1 

.915 

.0035 

2 

.4 

7 


It Is evident that for small values of drag reduction is possible. However, 
at too small a value it is not possible to maintain laminar flow against the 
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, pressure ^racUont, Tiis is ronsonable boenuso adverse presauro gradient is d»- 

i 

‘ stabilizing and auction is stabilizing* There is sons point at tdiich balance 
is achieved. With the ..teager amount of data on hand, it may be assumed that 
I this value is, say, C. - .150* Aasuj.-dng a parabolic velocity distribution 
for the lair.lnar boundary layer, this value of Cq^ corrosponda to yj^m .42, The 
I value of C - 2/3 rcjireaonts complete removal of the boundary layer. 


Theoretical and experimental Investigations of the distribution across the boundary 
layer of the amplitude of the oscillations (reference 7) indicate that the peak 

I 

vahio is reached at approxLmatcIy yjg s 0,2. No disturbance exists at yj$ • 0,7» 

I 

at vdvlch point a phase sliift occ^jra, the oscillations l)eyond this point being 180® 

i 

out of phase vdth the oscillations close to the surface. At yjSz oscil- 

lation pjiiplltudo la approximately half the maxlmiTm, If the volume of the inducted 

I 

'air is too small, the large amplitude disturbances are not removed and transition 
is not delayed appreciably. The removal of this highly disturbed air is there- 

1 

jfore necessary to preserve the laminar flow. 

I 

If it is assumed that a value of Cq^ - ,150 is eufflcient for the purpose of 
stabilizing the flow, then a lower feasible limit is set. This value can be 
'translated into and C|j values as before and is indicated in figures 2 to 4 by 
Ithe daslied curve. 
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> Prom the preceding dlscuasioni it Is now evident that somt further research la 

I 

I 

necessary before drag reduction by boundary layer control can be attempted with 
, any real hone of success. Specific work runt be undertaken to provide the 
I required Information In the following categories: (1) the method of stablllaing 

^ the boundary layer so as to maintain laminar flow, (2) the method of reeeiab* 
lishlng laminar flow when turbulence has arisen, and (3) further Investigations 
on tlm assign of intake slots. 


i 

I 

I 


I 


I 


t 

I 


Ptabiltzlng the laminar flow . - The problem of stabilising the laminar flow may 
be considered In two parts. The first part Is the consideration of the amount 
of air that must be wlthdravm in order to maintain stability. The esqwrlmental 
results indicate that there is some minimum quantity, apparently an amount 
sufficiently lar^.e so os to include the' region in which the oscillations havn 
leached their raaxinum amplitude. iVhile this quantity has been tentatively aot 
at C , • .150 (or about of the boundary layer), the exact valM la not known 
and further specific research is necessary to determine this quantity exactly. 

The second part of this problem is the spacing of the slots. Can the first slot 
and each succeeding slot be placea at the position where transltioo is just about 
to sccurV Or is it necessary to place the slots smaswhat a^ad of this point, 
and, if so, hoiT ouch? 


Reestablishment of lamixuir flow . - Another problem closely allied to the above 
is the reestablishment of laminar flow after the boundary layer has become 
turbulent. How much of the t’lrbulent layer must be removed for this purpose? 
It would seen reasonable to assume that the entire removal of the turbulent 
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boundary layor la neceaaary to establish laminar flow. No deflnlta Information 
exiata on this matter, however, and experiment nay Indicate a smaller or larger 
ariK^unt to be re<iuin;d« Specific zrsearch should be instituted to aeeuru tha 
answer to this (question. 

Design of intake slots . - Existing information on design of Intake slots for 
arag reduction is very uieager. The ideal slot will not produce a disturbanee 
I in tha external flow und will reduce the inlet lose to a value* There 

I 

j la some question as to the flow condltione in the elot under theae cireumetances* 
I It has been auggested that it ie neceesaxy for transition to occur just within 
I the entry so that the Internal flow is turbulent. This again Is a matter 
; Tvgulring complete investigation. 

I The above research should preferably be perfoxr»d In a wind tunnel which is 
. quite free of turbulence, auch as the Bureau of Standards, the NaCA, or the 

I 

experimental tunnel at GaLCIT. While some of this information could be 
obtained here, the question of spacing requires turbulent free air, perhaps 
flight testa. 

^ CorapressibllitY . - The research now In progresa on the influence of tlw boundary 
' layer on the nature of the shock wave should bo continued. The delay of the 
{ critical region by moans of boundary layer control also requires further Invostl- 
' gation. Thia infonoution la invaluable in order to appraise the poesible gains 

I 

I at high Uach Numbers* 

I 
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If :h'4 pc'rfcbolic velocity diatrlbutlon la assured for ths boualery iaytri the 
ratio of local to strean velocity Is given by 

I -(>-»* 


v 

7 


( 8 ) 


nie quantity of i.lr flowing -er unit tire in th«t strip between the surfaoe and 
«; dlet-noe y above the surface la Iven by 

Q‘ 1. '' "“y 

or In coefficient fora 

c = -5. = r\ ^ 

Vi J. V 7 

= ti) (‘“S^) 

TV .0 rore- tur. ioss rer unit tlr.e In this apace la given by 
M|^ * ^ J* (V-v) vdy 

The drag la given by 

■ Ml' = ^ 

end ti.e r.ocer.tuit thickness Is given by 

9 . - -S-S 

® pV*- IS 

7.1th tcundary layer cor.tx ol a certain amount of olr, Cq^i Is removed at a slot 
correspond la/’ to l layer of width y. ‘Hie monentun loss in the remaining boundary 
layer *s given ty 


(8) 


■ S /■ i 


( 10 ) 
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Further domatrftan there exists c ''hw toundrry leyer with a thiokaess greater 
t'’ an that ncrr.ally created in the dletonoe from the slot» because of the presence 
of the 'irrenoTed boundary Inyar. It Is a ssuff*** that IcaMdletely after the slot 
t! e unremoTed ^>lr la rearr^nged into a parabolic Trl<^elty distribution hoTlng 
h r.er thickness 6' but alth the S'U&e momentum as thnt reprosented by equation (10). 


r^at le, 



Z 

|9 



I 


t».» I = j)* (u) 

The b undary ^-yer develo’^a ulonf n flat rlnto, >lth the parabolic !'•» as follo»e: 

4 - 6 . 50 ^ 

nn: tie thlcknass 6* in equl7clent to a reduction of local surface Fteynolds .'lumber 

f 

:o a \aluo ^ than 



- • 
rslr..<; y 6 as peronetert cen be computed as a function of /Rj using equa- 

.ions ,;). (11;. auu (12). Tlils function la presented In figure^ 


:. 0 K if • V. Ing Is to be operated at a design Tulue the minimum number of slots 
req.ired is the Integer In the rrtio F^/Rj. If It le decided to use n slots the 
required value of is given by 


or 


r: =• R. 
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and from figure 4 the required value of ray bo dotenrined. 
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Ttia total number of al'^ta la Z n. for both surf* caa, sad the totcl voluma 

coafflclaot is tharafora 

Cq =» Zn Cq| 

= 2 n C "i" ”T 


= lln -Sii 


<W, R> 

'fbe aquivalent drag coefficient for tho power expended by the blower la by 
aquation (3) 


(14) 


which aaaumea the dlaeherga Talodty to be equal to flight Telocity, nguraa V> 
to 4 «*ra coastructad by aaaumlng the Inlet loaa to be equal to qi l.a. Cp • 0. 
and using duct loaa ooafflclanta of K: 0, .5» end 1.. with rjg « 0.76. 




ICALC I 

(-- r - 

•• APR 

X, , _ 


51 


aev SLO OA1C 


: CONTRACT NO. 


NCW 


1 

“ ! 


APPEKDIZ 


BOEING AIRCRAFT COMPANY 


'^naral 


D-762S 


SfATlt C 


WVASM!N..I;.f, .....p |7 





















